A novel wavelength assignment method for a bidirectional two-fibre WDM network of star topology is proposed. It is shown that the minimal number of wavelengths required for an n-node star network is n (when n is odd) or n À 1 (when n is even). A simple and explicit recursive formula, which completes wavelength assignment quickly with a time complexity of O(n 2 log 2 (n)), is given. Simulation results show that the present method can give an optimal wavelength assignment much faster than conventional methods for a star network.
Introduction: WA (wavelength assignment) is the critical problem for a wavelength-routing network. Much related work has been done on WA algorithms, especially for a WDM ring due to its popularity [1] . Star topology is another popular topology for building a network [2] . It has some advantages, such as fewer wavelengths (with the order of O(n)) required for constructing a network (of n nodes) as compared with a ring topology (with the order of O(n 2 )). This is very attractive in reducing the cost of a wavelength-routing network.
In this Letter we consider a star-based wavelength-routing network. A central node, which has the function of an n Â n wavelength router with WXC (wavelength cross-connector), is connected to n peripheral nodes with the function of OADM (optical add-drop multiplexing) by fibre pairs (see Fig. 1a ). Each peripheral node should be connected to all other (n À 1) peripheral nodes through the central node. Wavelengths are routed transparently through the WXC and any two peripheral nodes communicate with each other by a single wavelength. Mathematical description of WA problem: We construct a (mathematical) graph with n vertices corresponding to the n peripheral nodes in a real star network. If two peripheral nodes in the network need a lightpath (the same wavelength is used on all the fibre links on this lightpath), we connect the corresponding two vertices in the graph with a straight line called an edge. Here we assume that any two peripheral nodes require a lightpath and thus the corresponding graph is a complete graph. Any two adjacent edges (sharing a common vertex) in a complete graph must be dyed with two different colours, each colour corresponding to a distinct wavelength (see Fig. 1 for an example). The complete graph for a network with six peripheral nodes is shown in Fig. 1c , where the same kind of line indicates the same wavelength for the corresponding lightpaths.
Conventional methods:
In the graph theory, the edge-colouring problem can be transferred to a similar vertex-colouring problem.
The method of independent set [3] is very time-consuming, in particular when n is large (see Fig. 3 ). The Powell method [4] cannot guarantee an optimal WA result.
Present method: Let N n denote the minimal number of wavelengths required for a complete graph of n-node star topology. Below we prove using an inductive method that:
when n is odd n À 1; when n is even ð1Þ
and give a novel wavelength assignment scheme. One can easily check that (1) is true for n ¼ 2, 3, 4. Now we wish to prove that (1) is true for n ¼ k þ 1 if it is true for n k (k ! 4). We can consider the following three cases separately.
Case 1: when k ¼ 2m À 1 with m even. Then we can split the 2m nodes equally into two parts as shown in Fig. 2a . We label the nodes in the left part 1, 2, . . . , m, and the nodes in the right part m þ 1, m þ 2, . . . , 2m. For each part the total number of nodes is m (less than k), and thus according to (1) m À 1 wavelengths are required to assign the internal connections within each part (note that the same wavelength will be assigned to connection (i, j) in the left part and connection (i þ m, j þ m) in the right part for internal connections in our WA scheme; cf. recursive formulas (2) and (3) below). The lightpaths between the two parts can be assigned with m wavelengths as shown in Figs. 2b and c (one wavelength in Fig. 2b and m À 1 wavelengths in Fig. 2c ; lightpaths in Fig. 2b or the same sub-graph of Fig. 2c are assigned with the same wavelength; cf. (4), (5) and (6) below). Thus, the total number of wavelengths is (1) is true for this case. Case 2: when k ¼ 2m À 1 with m odd. We also split the 2m nodes equally into two parts. Except for the lightpaths (i, i þ m), i ¼ 1, 2, . . . , m, the other cross lightpaths between these two parts can be assigned by m À 1 wavelengths as shown in Fig. 2c (cf. (4) and (5)). Now consider the internal lightpaths within the left part of m nodes (as mentioned earlier, the same wavelength will be assigned to the corresponding internal lightpath within the right part). Since m is odd and less than k, (1) indicates that all the internal lightpaths in the left part can be assigned with m wavelengths. This means that all the internal lightpaths can be decomposed into m subgraphs, and all the lightpaths in each subgraph are assigned with a single wavelength. If we keep all nodes in each subgraph, there must exist a node (called the idle node) that is not connected to any other node in each subgraph (since m is odd). Each subgraph has a distinct idle node and the idle nodes of the different subgraphs must be different (this is because the WA for the left part is carried out by adding a virtual node; cf. case 3 below). The ith subgraph in Fig. 2d is the one with its idle node being the ith node. Since both nodes i and (m þ i) are idle in the ith subgraph, the cross lightpath (i, i þ m) can also be assigned with the same wavelength (see (7)) and thus we put this cross lightpath together with the internal lightpaths of the ith subgraph in Fig. 2d . In this way, we make the best use of each wavelength as no additional wavelength is used for these remaining cross lightpaths. Therefore, the total number of wavelengths assigned is (1) is also true for this case. The specific WA scheme for the case n ¼ 6 is shown in Fig. 1b. Case 3: when k ¼ 2m. We can add a virtual node to make an even number of nodes and then split the (2m þ 2) nodes equally into two parts, as shown in Fig. 2e . Then we can assign wavelengths using the WA scheme described above for cases 1 and 2 (when m þ 1 is even and odd, respectively). Finally, we delete all the lightpaths associated with the virtual node since these lightpaths do not exist in the real network. Since the virtual node is connected to all other 2m þ 1 nodes, we have 2m þ 1 idle nodes after we delete all the lightpaths associated with the virtue node and remove the virtual node. Thus, the total number of wavelengths used in this scheme is (1) is true for this case.
Therefore, we can conclude from the principle of induction that (1) is true for any integer number n. Let w(i, j; n) denote the wavelength numbering index for the lightpath between nodes i and j in an n-node star network (1 i < j n). Then from the above proof we have the following simple recursive formula when n is even: Simulation results: Fig. 3 gives a comparison of the WA computational time for the method of independent set, the Powell method and the present method as the total number of nodes in a star network increases. The algorithms are implemented in 'Microsoft Visual Studio Net 2003' (VCþþ) and the simulation is carried out on a PC with an Intel Pentium M 1400 MHz processor. From Fig. 3 one sees that the present method can assign wavelength much faster than the conventional methods for a WDM network of star topology. To find the correct numbering index for the wavelength assigned to each edge, the total time that we need to call the above recursive formula is log 2 n in the worst case. Since the total number of the edges for the complete graph is of order O(n 2 ), the time complexity for the worst case is O(n 2 log 2 (n)) for the present WA method. Note that the time complexity of WA is O(n 4 ) for the Powell method, and is exponentially increasing for the method of independent set when n (the total number of nodes) increases. This explains why the present WA method is much faster than the two conventional methods. Conclusions: We have proposed a novel WA algorithm for a WDM network of star topology. The present method can assign wavelength much faster than any conventional method that has been reported previously and can guarantee an optimal WA result for a star network (the Powell method cannot guarantee an optimal WA result). 
